Abstract -Throughout the world, the consumption of acidic foods, soft drinks and fruit juices has increased and has been associated with a rise in dental problems such as caries and erosion. The aim of this study was to investigate the protective effect of glycomacropeptide (GMP) against dental erosion and to compare the effect with that of caseinophosphopeptides (CPP). To assess the contribution of the calcium content of these peptides and their protection, calcium-reduced GMP (GMP-ca) and calcium-reduced CPP (CPP-ca) were studied. Hydroxyapatite was used as the tooth model. At a pH of 3, the protective effect of GMP was superior to that of CPP; however, CPP performed better at a pH of 4.5. The effect of GMP-ca and CPP-ca was evident only at a pH of 4.5, when compared with native GMP and CPP. These findings indicate that the calcium content of the peptide may have a role in protection against mineral loss from teeth. However, the pH of the erosive solution was the most influential factor contributing to erosion.
INTRODUCTION
In the recent decades, the consumption of acidic beverages has increased in many countries, which is thought to be responsible for the demineralisation of the hard tissue of enamel and dentin [8] . According to one study, 20-60% of children and adolescents have dental erosion and this has been attributed to the increasing consumption of acidic drinks [3] . Many attempts have been made to modify drinks to reduce the erosive potential, though some of these modifications may change the flavour, texture and pH [5] . For example, fluoride might even cause adverse effects if added to different drinks, leading the total uptake to reach high or overdose levels [3] .
In this respect, milk peptides have also been investigated for their protective potential against dental erosion. Caseinophosphopeptide (CPP) is a peptide derived from casein by the action of trypsin. Results indicate that it is able to suppress demineralisation and/or improve remineralisation, and therefore, it would be useful if added to acidic drinks [9, 14] . Glycomacropeptide (GMP), a casein-derived peptide, has also received much attention because of its biological activities, including the reduction of dental caries. During cheese making, rennet (chymosin) cleaves κ-casein in bovine milk at Phe105-Met106 amino acids, producing two separate parts, para κ-casein and GMP. Para κ-casein is the N-terminal and consists of amino acids 1-105. The GMP, also called caseinomacropeptide, is the C-terminal and includes the rest of the amino acids (105-169). Para κ-casein remains with the curd and GMP is released into the whey [4] .
One study concluded that GMP prevents adherence of bacteria to tooth surfaces [17] . Furthermore, GMP can be used to produce "high protein-reduced sugar" drinks, which are beneficial to general health in terms of providing the body with nutrients and helping it fight viral and bacterial infections [6] .
The aim of this study was to investigate the protective effect of GMP with or without chemical modification, against dental erosion in comparison with CPP. 
MATERIALS AND METHODS

Materials
Methods
Preparation of HA
Six grams of original HA suspension was mixed with 240 mL of water and centrifuged for 10 min at 3000× g. The supernatant was discarded and washed again to remove soluble phosphate. Washed HA was resuspended in 108 mL 234 A.S. Nejad et al.
of distilled water. This suspension was placed on the magnetic stirrer and while it was being stirred continuously, 1100 μL of suspension (20 mg dry weight) was withdrawn and added to a series of 1.5 mL eppendorfs, arranged in four groups of 15 and four groups of 9. After pipetting (n = 96), HA samples were centrifuged at 3000× g for 10 min and then the supernatant was discarded and HA was ready to use [9] .
Preparation of CPP
Sodium caseinate (10 g) was dissolved in 100 mL of 0.05 mol·L −1 Tris-HCl buffer, pH of 7.5 and 50°C. This was followed by the addition of 12.5 mg of trypsin and incubated at 37°C for 2 h. The reaction was terminated by heating to 90°C for 5 min. The solution was cooled and pH was adjusted to 4.5 using 1 mol·L −1 HCl, after stirring for 10 min it was centrifuged for 30 min at 3000× g. The pH of the supernatant was adjusted to 7.0 by adding 2 mol·L −1 NaOH. To the final solution, calcium chloride (0.8 g) was added followed by an equivalent volume of 95% aq. ethanol to precipitate the CPP fractions. After 1 h, the solution was centrifuged for 30 min at 3000× g. The supernatant was removed and the pellet was washed and resuspended in 30 mL of 50% (v/v) aq. ethanol. The washed solution was removed by centrifugation (10 min, 3000× g). The pellet was spread on a plastic dish and allowed to dry at room temperature and designated laboratory prepared CPP (CPPlp) [9, 10] .
Calcium reduction of peptides
One gram of each peptide (GMP, CPPc and CPPlp) was dissolved in 10 mL of distilled water and added to 24 g of washed Dowex 50 ion-exchange resin. The suspension was stirred for 40 min and left for 10 min to precipitate the resin. The supernatant was removed and centrifuged for clarification, for 5 min at 3000× g. Then, 20 mL of water was added to the resin and stirred for 2 min and the supernatant was removed as above. The pH of the supernatant was adjusted to 7.0 with 1 mol·L −1 NH 4 OH.
Assessment of protective effect of the peptides at different pH
The HA samples were prepared as described in two series of four groups. The first group was used for GMP, GMP-ca, CPPc and CPPc-ca with control and the second group for CPPlp and CPPlp-ca (-ca: calcium-reduced peptide) with control to investigate the protective effect of the peptides at different pH levels 3, 3.5, 4 and 4.5. The concentration of all peptides was adjusted to 5 mg·mL −1 using the BCA method. From the first group, the four subgroups were treated with GMP and GMP-ca, CPPc and CPPc-ca, respectively. The final subgroup was kept as control. All the samples were resuspended and mixed thoroughly with the peptide solutions for 20 min with intermittent stirring to permit maximum binding to the HA, then centrifuged at 3000× g, for 10 min. The supernatant was discarded and HA pellet was rinsed with 1 mL of distilled water to remove excess unbound peptide to HA particles and it was removed by centrifuging at 3000× g, for 10 min. To the treated HA and control, 1 mL of 0.1 mol·L −1 citric buffer at a pH of 3, was added. The mixture was resuspended and allowed to stand for 10 min, stirred once during the standing time and centrifuged (3000× g, 10 min). The supernatants were rapidly decanted off into clean tubes for calcium and phosphate analysis. All the remaining groups were treated similarly but at different pH levels.
Assessment of calcium and phosphate in erosive solution
Calcium was measured by atomic absorption spectroscopy to measure the calcium The effect of GMP on dental erosion 235 content of the erosive sample. Different concentrations of standard calcium were prepared from calcium ion solution of 1000 mg·mL −1 (2.5, 5, 7.5, 10, 15, 20) and absorbance was measured at 422.7 nm. Samples were diluted with distilled deionised water into appropriate concentration [8] .
The level of phosphate in the erosive solution was measured with colorimetric determination using the method described by Allen [2] .
RESULTS
Hydroxyapatite suspension was used as a substitute for teeth mineral. The amount of calcium and phosphate loss from HA was used to evaluate the protective effect of the peptides against acid dissolutionerosion in comparison with the control.
Protective effect of intact peptides at different pH values
After each experiment, the calcium and the phosphate content of the citric buffer was measured and compared with the control. At a pH of 3, the HA treated with GMP showed a protective effect of 38.5% and its effect increased to 47.5% with increasing pH. The CPPc showed around 14% less protection than GMP at different pH values, and CPPlp showed less protection than GMP at pH 3 but its effect increased with increasing pH. The protection of CPPlp was the highest at a pH of 4.5 (Fig. 1). 
Protective effect of calciumreduced peptides at different pH levels
The calcium content of each peptide sample at the same protein concentration (5 mg·mL −1 ) was measured, which was 78 mg·L −1 in GMP, 19 mg·L −1 in CPPc and 1157 mg·L −1 in CPPlp. The calcium content of each peptide was measured after calcium reduction, and the calcium content of both GMP and CPPlp was reduced by 80%, and that of CPPc was reduced by 13%.
The protective effect of GMP-ca and CPPc-ca after reduction of the calcium contents was similar, apart from that at a pH of 4.5, where the protective effects were reduced by 31% and 26%, respectively. On the other hand, CPPlp-ca showed minimal reduction in protection at all pH levels. The data in Figure 2 compare the protection effect of reduced peptides with the original samples at different pH levels. The effect of GMP on dental erosion 237
